A distributed delay system with static nonlinearity has been considered in the literature to study the cell dynamics in leukemia. In this chapter local asymptotic stability conditions are derived for the positive equilibrium point of this nonlinear system. The stability conditions are expressed in terms of inequalities involving parameters of the system. These inequality conditions give guidelines for development of therapeutic actions.
Introduction
Starting with the early works of Mackey and his colleagues, [9, 10] there has been a growing interest in the development of mathematical models for cell dynamics in hematological processes. Over the last ten years, significant improvements have been made in this direction and, in particular, models for cell dynamics in leukemia (blood cancer) have been refined, see e.g. [1, 5, 6, 8, 11, 13, 20] of a series of systems (compartments) containing distributed delays and a static nonlinear feedback. There are several possible equilibrium points for the system, the origin is being one of them. Here, local asymptotic stability conditions are studied for the "positive equilibrium" where the equilibrium states of all the compartments (sub-systems) are positive.
In [2] a global stability condition is obtained for the case where the only equilibrium is the origin. Some of the works mentioned above consider the "point delay" version of the problem; a recent one is [20] , where conditions for global asymptotic stability of the origin and instability of the positive equilibrium are obtained in terms of the delay values.
Rest of the chapter is organized as follows. Details of the mathematical model are given in the next section. Then, the main results are derived and concluding remarks are made. Preliminary versions of the results of this chapter have been already presented in various meetings, [14, 15, 16, 17] .
Mathematical Model of Cell Dynamics in Leukemia
Since the identification of leukemic stem cells (LSCs) in humans, [4], many studies have been conducted to characterize the process of formation of leukemic cells. It is now well understood that LSCs can self-renew and they can differentiate to generate leukemic progenitors which can also self-renew and differentiate. There are many stages of differentiation (compartments of progenitors between LSCs and leukemic cells) until leukemic cells are released into the blood, [7] . At each stage, there is a compartment (population) of cells of a certain biological property, characterized by specific cluster definition (CD) molecules, such as CD34, CD38, CD123, CD90, CD117, CD135 and CD33. For example, in a certain type of acute myelogenous leukemia (AML), cells with the concentration of molecules CD34+CD38-CD33-can be identified as LSCs, i.e. the first compartment, (respectively, CD34+CD38+CD33-for progenitors and CD34+CD38+CD33+ for leukemic cells, i.e., second and third compartments in a 3 compartment model), [12] . Recently, it has been shown that for mathematical modeling purposes, 4 to 8 compartment models are sufficient to diagnose chronic myelogenous leukemia in humans, [19] .
At each compartment, the cells can be grouped into two: the ones in growth phase (proliferation) and the quiescent (non-proliferating) ones. At the end of growth phase, each cell is divided into two. Some of the new cells stay in the same compartment (having the same biological property as the mother cell -self renewal) and some go to the next compartment (differentiation). The dynamical behavior of cell populations in the quiescent and proliferating phases can be characterized as shown in Figure 1 , where δ and γ represent the death rates of the quiescent and proliferating cells respectively, β (·) is the re-introduction function, τ is the maximal time spent in the growth phase before cell division occurs and L = 1 − K ∈ (0 , 1) is the rate of proliferating cells that divide without differentiation. Note that each of these parameters can be different for different compartments, i.e. δ i , γ i , τ i , L i and β i (·) are
